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COVER: Bone conduction is studied at NBS by comparing sound heard in 
earphones with that sensed by bone conduction. Earphones are positioned on 
Ernest L. Smith and a motion transducer is pressed against his forehead, 
where he ‘‘feels’’ the sound. He then adjusts the relative phase and ampli- 
tude of the two signals for maximum cancellation, enabling characteristics of 
the bone conduction path to be determined (see p. 196). 


Acoustical Thermometer 


establishes provisional low-temperature scale 


An entirely new approach to precision low-tempera- 
ture measurement—-the acoustical thermometer—has 
been used in determining temperatures at 1-deg intervals 
from 4 to 20 °K. These measurements, made with an 
instrument * developed between 1955 and 1964, will 
serve to establish a provisional temperature scale. 

The Bureau has been engaged in a low-temperature 
thermometry program for many years. One objective 
of this program is a primary temperature scale includ- 
ing the range from 4 to 14 °K. Because conventional 
gas thermometers necessitate troublesome corrections 
and precise determinations of volume change and pres- 
sure, an alternative method based on the speed of sound 
in helium gas was selected for study. The instrument 
used in the measurements, the acoustical thermometer, 
utilizes the principles of the “ultrasonic interferometer.” 

As the acoustical thermometer is not convenient for 
routine temperature measurements, germanium resistors 
are employed as secondary thermometers.” A group of 
these resistance thermometers calibrated against the 
acoustical thermometer will maintain the provisional 
scale. 


* Ultrasonic thermometer for low-temperature determi- 
nations, NBS Tech. News Bull. 47, No. 1, p. 4 (Jan. 
1963). 

* Standards and calibration: Germanium resistance 
thermometers, NBS Tech. News Bull. 48, No. 10, p. 184 
(Oct. 1964). 


Research performed by 

H. H. Plumb and G. Cataland 
of the NBS Institute for 
Basic Standards 


Working model of ultrasonic or 
acoustical thermometer. 
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Photoelectric Doviee 
Prevents Klystron Damage 


Delicate and expensive klystrons used in microwave 
equipment must be guarded against damage by over- 
heating and the application of too low or too high heater 
voltages. The Bureau has recently developed circuitry 
that provides this protection.’ The circuit senses heater 
voltage across an insulating gap by means of an optical 
link and removes power from the klystron when it is 
threatened with damage. The operator can restore the 
power following inspection. 

Care is required in the use of the klystron because of 
its expense and the ease with which it can be damaged 
by physical shock or electrical mistreatment. Measure- 
ments near a klystron can be hazardous; most circuits 
using this tube ground its exterior—thereby placing its 
heater at a high negative potential, up to about 
— 3000 V. 

Klystrons are easily affected by improper or unstable 
voltages; for this reason anode voltages are always ob- 
tained from regulated power supplies. Heater voltage 
is also important: If it is too high, the heater can be 
burnt out; if too low, cathode damage can result. 
Regulation is a partial solution, but regulator com- 
ponent failures usually destroy the klystron. Auto- 
matic protection circuitry responding to heater voltage 
is difficult to design and install because of the high po- 
tentials below ground which must be sensed and 
switched. 


Developed by 
William E. Case and Neil T. Larsen 
of the Radio Standards Laboratory 

(Boulder, Colo.), NBS Institute 
for Basic Standards 


The present circuit quickly removes klystron power, 
when necessary, without making electrical contact with 
the klystron. Operational status is shown by green 
indicator lights signifying “equipment energized” and 
“heater voltage OK,” and by red lights signifying 
“overheat” and “over-voltage or under-voltage.” The 
heater voltage is sensed as the output of a photoelectric 
cell which responds to the light from a small control 
lamp in the klystron heater circuit. The high voltage 
is present only at the power supply, at the klystron, and 
at the bulb which is in parallel with the klystron heater. 
No dangerous voltages are present in the protecting 
circuitry, which has constants chosen to permit the 
high voltage and heater power supplies to be energized 
during normal operating conditions. 

Klystrons typically are intended to operate at heater 
voltages of 6.30.5 V. If the voltage of a klystron 
protected by the new circuit rises above 6.8 V, en- 
dangering the klystron heater, a 6.8-V zener diode 
conducts heavily across the heater power supply out- 
put, clamping the output and blowing out the output 
fuse. This extinguishes the control lamp and cuts off 
the photocell current, opening the relay controlling 
primary power to both power supplies. This safe- 


guards the klystron heater and prevents abnormal 
voltages. 


(Continued opposite) 


rama | 


William Case operates “momentary-on” switch of klystron protective 


device. 
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Inset shows control lamp and photoelectric cell. 
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National Council on Radiation 
Protection and Measurements Formed 


The National Council on Radiation Protection and Measurements, created by an Act of 
Congress, was brought into being at its organizational meeting held in Washington, D.C., in August. 
Dr. Lauriston S. Taylor, Associate Director of the National Bureau of Standards and a leader in 
radiation protection for three decades, was elected President of the Council; Dr. Shields Warren, 


an international authority in radiation pathology, was elected Vice President. 


selected a 53-man Board of Directors. 


The Council also 


One of the principal objectives of the Council will be to collect, analyze, develop, and 
disseminate scientific information and recommendations about protection against radiation and 


about radiation measurements. 


In this connection, the Council will take over and continue the work previously carried out 
by the National Committee on Radiation Protection and Measurements, an association of scientists 
which has for the last 35 years provided the basic material on which radiation protection activities 


in the United States are founded. 


The National Committee, established in 1929, has promulgated, as National Bureau of Stan- 


dards publications, 31 handbooks on radiation protection and measurements. 


The increasing 


importance of radiation protection efforts in the United States led the members of the Committee 
to seek formal status via a Federal charter. 


A similar sequence occurs if the heater output falls 
low enough, because of either power or equipment 
failure, to reduce the control lamp output below the 
level set by the photoelectric circuit threshold. Values 
of circuit components are selected to protect the kly- 
stron from damage resulting from reduced heater 
voltage. 

The klystron is protected against the consequences 
of cooling system failure by operation of a third relay, 
energized by a thermostat attached to the grounded 
shell of the klystron. Excessive temperature opens the 


Protective circuit prevents damage to 
klystron. Switch S3 controls 110-V 


input power. 
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thermostat contacts and de-energizes the relay, causing 
klystron power to be removed and a red indicator to 
be lit. 

The protective circuitry can be reset, after it is 
tripped, by replacing the fuse, if blown, and operating 
momentary-contact switches. Although devised pri- 
marily to control klystron power inputs, this circuitry 
could be applied in other cases to sense voltage or cur- 
rent levels where direct connection would be hazardous. 


*Klystron protection circuit, by VW. E. Case and N. T. 
Larsen, Rev. Sci. Instr. 34, 809-810 (July 1963). 
lO V—- 
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breakdown of 


~ HYDROCARBONS 
during gamma radiation 


Hydrocarbons exposed to ionizing radiation usually 
react to form other compounds, but relatively little is 
known about their mechanisms of reaction. These 
mechanisms are now being studied. Basic investiga- 
tions, employing deuterium-labeled compounds, show 
that both neutral excited molecules and ionic species 
form during gamma irradiation, contributing to reac- 
tions that result in new compounds. An understanding 
of such processes may be of commercial importancé in 
the production of bulk chemicals and polymers. 

Bureau researchers are conducting studies on fully 
and partially deuterium-labeled specimens of methane, 
ethylene, ethane, propane, isobutane, n-butane, neopen- 
tane, and n-pentane (see publications column, p. 204, 
for listing of articles reporting on this research). By 
employing these deuterated hydrocarbons in radiolysis, 
they can determine the resulting product’s composition 
and isotopic distribution by gas chromatography and 
mass spectrometry. With the results from these analy- 
ses, the scientists can deduce which fraction of the re- 
sulting unimolecular products originated from decompo- 
sition of the parent ion, which ones had a neutral 
excited molecule as a precursor, and which bimolecular 
products were formed entirely by ionic reaction. Such 
studies show that both ionic and molecular processes 
contribute in some degree to the formation of the reac- 
tion products. 

This conclusion has been substantiated by other re- 
cent experiments in which a d-c electrical field, applied 
during hydrocarbon irradition, caused the number of 
molecules decomposed per ion pair present to increase. 


PROPANE -NO(1:0.05) 
O CoHq (morecucar) 


B CoHS 
= A CoHe (Moecucar) 
A CoHet 


M/Ng (MOLECULES/ION PAIR) 


505-610-910) {2:0 15:0; 18:0 


X/P (volts cm-!mm_!) 
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Observations of this phenomenon, which is attributed 
to molecular splitting on electron collision without at- 
tachment or ionization, indicate that the yields of prod- 
ucts formed by fast ionic reactions may remain largely 
unchanged, whereas products resulting from the de- 
composition of neutral excited molecules are increased. 

In these experiments, the products formed during 
gamma radiolysis of hydrocarbons in an electrical field 
are compared with those formed by gamma radiolysis 
of the same material in the absence of an electrical field. 
From this comparison, the mechanics of the reaction 
can be deduced, and the method of product formation, 
interpreted in the previous hydrocarbon radiolysis in- 
vestigations, can be substantiated or rejected. In ad- 
dition, electrical field experiments may yield informa- 
tion on the modes of decomposition and degree of ex- 
citation of neutral excited molecules formed by electron 
impact. 

Examination of the results of these experiments 
shows that the increase of such products as methane 
and ethane is small (particularly at low field strengths) , 
indicating that they are formed mainly by ionic reac- 
tions. The product yields for the partially deuterated 
lower hydrocarbon products such as C,D;H or C,D;H 
show little increase, indicating that these products are 
also formed primarily by ionic reactions. The yield 
of ethylene and propylene is increased markedly, indi- 
cating that they are formed primarily by molecular 
reactions. 

These recent experiments involving irradiation of 
propane in the presence of electrical fields substantiate 
many explanations for reactions of both the ionic and 
molecular types in former studies. Work is continuing 
at the Bureau to examine these reaction mechanisms 
further. In these investigations, compounds other 
than propane will be subjected to radiolysis in electrical 


fields. 


Molecular ((], A\) and ionic (WJ, A) products resulting from 
radiolysis of propane in the presence of an electrical field. 
The dashed line represents the current and indicates, where its 
slope. increases near the right, that the electrical field is suf- 
ficiently high to cause secondary ionization. 


Research directed by 
P. Ausloos of the NBS 
Institute for Basic Standards, 
with partial support from 

the Atomic Energy Commission 


NBS Technical News Bulletin 


Vacuum system (foreground) used to fill a 
reaction vessel (lower right) before irradi- 
tion and to separate and isolate reaction 
products after irradiation. R. Doepker 
reads the chart from a gas chromatograph 
used in analyzing the product yield. 
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NATURAL RUBBER 


compressibility at low pressures 


Research conducted by 
Lawrence A. Wood and 
Gordon M. Martin of the NBS 


Institute for Materials Research 


Compressibility or its reciprocal, bulk modulus, is 
an important physical property of rubber, frequently 
required in practical applications and in calculations 
relating to the mechanical properties of rubber. Pre- 
vious investigations have seldom covered the proper 
range of variables to yield accurate values for the com- 
pressibility of natural rubber near atmospheric pres- 
sure. Therefore, NBS scientists conducted an investi- 
gation ' to obtain these data. 


Materials and Equipment 


The volumes of two types of rubber were determined 
by use of mercury-filled dilatometers with 2-mm capil- 
laries. One rubber, an unvulcanized natural rubber 
latex, contained 98.7 percent rubber hydrocarbon, 0.44 
percent protein, and 0.18 percent ash. One percent of 
an antioxidant, pheny]-beta-naphthylamine, was added 
to the rubber. Samples of this rubber were made into 
flat sheets, 6X6 X0.080 in., by molding at 100 °C. 
The other rubber, a commercially purified rubber, was 
vulcanized by adding 3 parts dicumyl peroxide to 100 
parts rubber and curing at 140 °C for 45 min to form 
sheets the same size. A careful examination of the 
nearly transparent samples disclosed no inhomogenei- 
ties. 

- The dilatometers were immersed in an oil-containing 
system designed for pressure application at various 
temperatures.” As the pressure increased in 100-kg/ 


TABLE l. 
Unvulcanized rubber 
Pressure Pie ee en ee a eee Ee 
Vos V20 Vo 
keg/ em cm /g cm} /g cm} /g 
1.0951 1. 0917 1. 0772 
100 1. 0896 1. 0864 1.0725 
200 1. 0845 1. 0814 1. 0679 
300 1.0795 1. 0764 1. 0636 
400 1. 0748 1.0718 1. 0593 
500 120702 oe ane, Ce ernee 1. 0554. 


194. 


cm? increments from 0 to 500 kg/cm?, the volumes of 
the glass, mercury, and rubber changed. By cor- 
recting for the change of volume of the glass and mer- 
cury, the change in rubber was determined. This cor- 
rected value for the rubber, together with the specific 
volume determined at 1 atm and 25 °C, yielded values 
of specific volume for rubber over the range of pres- 
sures and temperatures (see table 1). 


Compressibility Values Compared 


The compressibility values and their coefficients are 
not very different from those estimated by extrapola- 
tion from data of investigations of the rubber-sulfur 
system.* There is no significant change of compressi- 
bility on vulcanization with dicumyl peroxide (see 
table 2), and the changes in the coefficients are slight. 

The compressibility of rubber at 25 °C and zero pres- 
sure (a5) is 50.5 X 10-° cm?/kg, slightly greater than 
that of cesium, the most compressive crystalline solid 
for which values are published. Rubber compressibil- 
ity is appreciably less than that of most organic liquids 
of low molecular weight. 

The value of « is essentially the same as that rep- 
resenting the compressibility of high-viscosity petrol- 
eum oils (gas oils and lubricating oils) of the same 
specific volume as the rubber. Published values of 
compressibility for other organic oils (almond, castor, 
linseed, olive, and rapeseed) are nearly the same as that 
of rubber. Glycerine apparently is the only organic 
liquid appreciably less compressible than these. Ther- 
mal expansion coefficient, A, is also essentially the same 
as that given for the high-viscosity petroleum oils. 

Water, a distinctly abnormal liquid, has nearly the 
same compressibility value, 52.5 X 10-° cm’/kg. This 
fact, while not of any theoretical or structural signifi- 
cance, has considerable practical importance. By 


Observations of specific volume, V 


' 


Peroxide-cured vulcanizate 


Vo5 V20 Vio Vo 
cm} /g cm /g cm /g cm3/g 
1. 1032 1. 0998 1. 0927 1. 0857 
1. 0977 1. 0944 1. 0876 1. 0807 
1. 0926 1. 0894. 1. 0828 1. 0763 
1. 0877 1. 0846 1. 0782 1.0719 
1. 0830 1. 0801 1. 0739 1. 0678 
1. 0786 1. 0756 1. 0697 1. 0637 
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Left: Cross section of the pressure vessel. S, metal 
spacers; O,O rings; P, cover plates; D, dilatometer; 
W, glass windows; and N, large nut. 

Right: G. M. Martin inserts a dilatometer into the 
pressure vessel which is used to obtain compressibility 


matching the density-compressibility ratio of a rubber 
vulcanizate of that of water, the rubber would transmit 
sound waves with minimum scattering or reflection and 
thus be suitable as a protective covering for underwater 
sound systems. 

Published compressibility values for other elastom- 
eters, though limited in number, are generally not far 
different from those for natural rubber. The values 
for semi-crystalline polymers below their glass transi- 
tion temperatures tend to be somewhat lower. 

A direct comparison of a number of other properties 
calculated from compressibility values and their co- 
efficients shows good agreement with direct experi- 


values for materials from 0 to 1000 kg/cm?. 


mental values. These include internal pressures, 
sound-wave velocities, and specific heats. 


* For details, see The compressibility of natural rubber 
at pressures below 500 kg/cm’, by L. A. Wood and G. M. 
Martin, J. Res. NBS 68A (Phys. & Chem.) No. 3, 259- 
268 (May-June 1964). 

* Effects of hydrostatic pressures on the crystalline ki- 
netics of natural rubber, by G. M. Martin and L. Man- 
delkern, J. Appl. Phys. 34, 2312 (1963) . 

° Specific volume, compressibility, and volume thermal 
expansivity of rubber-sulphur compounds, by A. H. Scott 
J. Res. NBS 14, 99 (1935) RP760; also, Specific volume 
of rubber-sulphur compounds, NBS Tech. News Bull. 
No. 214, 19 (Feb. 1935). 


TABLE 2. Compressibility, B 


Unvulcanized rubber 


Peroxide-cured vulcanizate 


Pressure a tL EN a ee ee es nr ct hyo be ee on es OR ANS ee ee 
By; Boo Bo Bos Bz Bio Bo 
cm?/k, cm?/kg cm?/kg cm?/kg cm?/kg cm®/kg cm?/kg 
kg/cm? alae lO <eLOse oloas Salm palOme ln 
50.5 49, 4 44,9 50. 4 49. 4 47. 4 45. 3 
100 48.5 47. 4 43. 0 48.1 47. 2 45. 3 43. 4 
200 46.5 45.5 41.3 45. 8 44.9 43. 2 41. 4 
300 44.5 43.5 39.5 43.5 42.7 41.2 39.5 
400 42.5 41.6 37. 8 41.2 40.5 39.1 37. 6 
500 40. 6 Sot 36. 1 39. 0 38, 4 37.1 35. 8 
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FIXED 0° 


BUF FER- 
AMPLIFIER 


ge PHASE SHIFTER 


Left: E. L. Smith demonstrates equipment for study- 


ing conduction of sound by bone. A tone is pro- 


duced at the headphones (being adjusted by H. S. 
Bowman) and at a transducer pressed against the 
subject’s forehead. The subject adjusts the two sig- 
nals for tone cancellation, using a variable phase 


shifter (left). 


"HEARING BY BONE CONDUCTION 
ING BY AIR CONDUCTION 


——aEeEeEeEeEeEeEeEeEeEeEeEeEeEEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeeeerreee 


Method devised by 

Ernest L. Smith and Howard 
S. Bowman of the NBS 
Institute for Basic Standards 
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Studies of the correlation of hearing by bone con- 
duction to hearing by air conduction have resulted in 
the development of a 0-to-360° continuously variable 
phase shifter.' Although the device has thus far been 
used only for audio frequencies, the nonreactive nature 
of the components should permit the use of the shifter 
over a wide range of frequencies without amplitude or 
phase distortion. 

The bone conduction signals in the experiments origi- 
nate at a transducer mounted at the subject’s forehead, 
while the air conduction signals originate in earphones. 
The amplitude and phase of the signal to the earphones 
are adjusted until cancellation of the tones in the inner 
ear occurs, permitting determination of the difference 
between bone and air conduction. 

The phase shifter requires two input signals of the 
same frequency and differing in phase by 90°. Its cir- 
cuitry includes two phase-splitter stages which supply 
180°-opposed signals to two ganged potentiometers. 
The signals from the potentiometers are applied to a 
difference amplifier whose output can be set to any 
phase relationship with the reference signal. 

Applications to date have involved shifting frequen- 
cies from 100 Hz (c/s) to 10 kHz. Reactive circuit 
elements are conspicuously absent from the circuitry 
following the paired phase inverters, so the device 
should be applicable at higher frequencies with only a 
change of the circuitry supplying the quadrature input 
voltages. 

Amplitude variation obtained over the entire rotation 
of the ganged potentiometers has been limited to -£0.1 
dB, largely as a result of using carbon-deposited, instru- 
ment quality potentiometers and of carefully adjusting 
the outputs of the phase inverters. Also important for 
the present application is the fact that the circuitry pro- 
vides an output amplitude varying no more than +1.0 
dB for any input frequency between 100 Hz and 10 
kHz. This variation was found to originate in the cir- 
cuitry supplying the quadrature inputs to the phase 
shifter. 

Results obtained by use of the new phase-shifting 
circuitry show definite cancellation points, similar for 
both ears of an individual but different among indi- 
viduals. Originally applied to monaural experimenta- 
tion, the work has been broadened to include binaural 
cancellation. 


* Disclosures on various subjects, NBS Tech. Note 237 
(Apr. 1964), for sale by the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C., 20402, for 15 cents; also, Experiments in bone-air 
cancellation, Abstract, Acoust. Soc. Am. (Nov. 8, 1963, 
Ann Arbor, Mich.) 
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Current- Stabilizing Circuitry 
regulation of O.05Z 


Circuits designed by 

Kenneth W. Yee and Robert J. Carpenter 
of the NBS Institute for 

Applied Technology 


Current in the milliampere and submilliampere 
ranges is controlled and stabilized to within 0.05 per- 
cent by a circuit + devised to regulate the emission cur- 
rent of an ionization gage used in measuring high 
vacuums. The system uses closed-loop d-c control with 
an optical link to provide electrical isolation from the 
controlled circuit. This control system should find 
application where it is desired to regulate temperature- 
limited currents over a wide range within a fraction of 
a percent, without undesired electrical interaction. 

The current-regulating circuit was developed to meet 
the needs of NBS scientists in measuring vacuum in 
terms of the ion current of an ionization gage. Such 
gages make use of ion generation, due to electron- 
molecule collisions, as a function of the gas pressure 
within the partially evacuated system. The small size 
of the pressure changes being measured in the very- 
high-vacuum region required that the emission current 
be regulated to a tenth of one percent. Commercially 
available d-c systems using transistors do not provide 
regulation within this limit in combination with the 
electrical isolation desired. 


Performance of the Regulator 


In operational tests, the current regulator was found 
to hold the emission current to within 0.05 percent of 
its nominal value for periods of hours. The perform- 
ance was even better for current in the milliampere 
range, which was held within 0.02 percent for up to 
an hour. 

The system’s error amplifier circuit is isolated from 
the gage heater circuit by an optical link consisting of 
a small lamp and a photosensitive semiconductor. To 
prevent the time lag of the lamp from affecting the sys- 
tem, the high-frequency response of the circuit was 
improved by shunting the transistor supplying the lamp 
with a resistor carrying a fixed current. The emission 
current remains constant within 0.05 percent for power- 
line voltage within 10 percent of 117 V. A voltage- 
regulating transformer is used with the system to reduce 
emission current changes due to sudden variation in 
line voltage. 

The emission tube powered by this circuitry is pro- 
tected by a transistor current-limiting circuit which is 
part of the filament-current amplifier. It includes an 
adjustable resistor which is set to limit the maximum 
current to a safe value for the ion tube used. 


'For details, see Regulation of ionization gage emis- 
sion current to better than 0.05 percent, by Kenneth 
W. Yee and Robert J. Carpenter, Rev. Sci. Instr. 34, 
1101-1103 (Oct. 1963). 


Kenneth Yee adjusts the current supplied by the emis- 
ston-current regulator. 


Diagram of current regulation circuitry as used with 
an emission-current ionization gage tube. (Heavy 
line is emission-current circuit.) The emission cur- 
rent develops a voltage across the current-sensing re- 
sistor and an error voltage at the input to a d-c ampli- 
fier. This amplifier operates a lamp in the photoelectric 
device controlling the d-c amplifier which supplies fila- 
ment current for the emission tube. The two amplifiers 
and the photoelectric device form a closed-loop control 
system, whose ends are isolated from each other. 
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Cell used to measure deuterium ion activity in solu- 
tions of deuterium chloride in heavy water. 


A study + of thermodynamic properties of solutions 
of deuterium chloride in heavy water is the first in a 
series aimed at developing a scale to measure deuterium 
ion activity in solutions of heavy water. The conven- 
tional scale, when established, will be similar to the 
operational pH scale used to measure hydrogen activity 
in ordinary water. 

Increased use of heavy water has renewed interest in 
the properties of acids and bases in this solvent and 
has underscored the need for a “pD” scale. In estab- 
lishing such a scale, precise measurements of the con- 
ventional deuterium ion activity, by the electromotive 
force method, in a variety of useful buffer solutions are 
necessary. These buffer solutions must cover a wide 
range of deuterium ion activity. Before the ion activity 
of buffer solutions can be calculated, however, the 
standard emf of the cell, 


Pt; D, (g 1 atm), DCl in D,O Ag(Cl; Ag, 


designated Cell I, must be accurately measured. 
Cell I consists of a solution of deuterium chloride 
in heavy water, a silver-silver chloride electrode, and a 
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need underseored 
by inereased use 
of heavy water 


Studies made by 

Robert Gary, Roger G. Bates, 

and R. A. Robinson of the 

NBS Institute for Materials Research. 


platinum electrode over which deuterium gas is bub- 
bled. The physical configuration of the cell is based 
on the design of cells used to measure hydrogen ion 
activity in solutions of hydrogen chloride in ordinary 
water. However, the present cell is more adaptable for 
use with different solvents and incorporates a number 
of new features to increase its accuracy and precision. 
The emf of Cell I was compared with that of the 
“hydrogen” cell, in which the deuterium, deuterium 
chloride, and heavy water are replaced with hydrogen, 
hydrogen chloride, and ordinary water. The standard 
emf of Cell I at 298.15 °K was 0.21266 V on the 
molality scale. This value is 0.00978 V lower than 
that of the corresponding hydrogen cell. 

The emf of Cell I was determined for five concentra- 
tions (0.01 to 0.05 molal) of deuterium chloride in 
heavy water at intervals of 10 deg from 278.15 to 
318.15 °K and at 323.15 °K. The findings of this 
study agree closely with the results of limited work by 
earlier investigators” when all data are converted to 
the same scale. 

Present studies are directed toward the measurement 
of the conventional deuterium ion activity in buffer solu- 
tions which can be used as standards for the pD scale. 
The pD scale will therefore be fixed by a number of 
buffer solutions whose emf’s have been carefully meas- 
ured. As the standard emf of Cell I is now known, pD 
values can be calculated from emf measurements on 
these buffer solutions. 


* For details, see Thermodynamics of solutions of deu- 
terium chloride in heavy water from 5 to 50°, by Robert 
Gary, Roger G. Bates, and R. A. Robinson, J. Phys. 
Chem. 68, 1186-1190 (May 1964). 

2C. Noonan and V. K. LaMer, J. Phys. Chem. 43, 247 
(1939). 
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HYDRATION 


of Iron Compounds in Cement 


Investigations by 

Elmer T. Carlson of the 
NBS Institute for 
Applied Technology 


Knowledge of the chemical reactions involved in 
hydration and hardening of cements is essential not 
only for proper formulation and use of cements, but 
also for preventing their deterioration. As part of a 
continuing study of the chemistry of hydration of 
cement constituents, the hydration of the calcium alu- 
minoferrite solid-solution series has been investigated.! 
Three modes of hydration were used at certain con- 
trolled temperatures to obtain new information regard- 
ing hydration products and relative rates of reaction. 
Results of the study show that varying the temperature 
and the amount of water changes the reaction of cal- 
cium aluminoferrites with water. 

Cement chemists have studied extensively the reac- 
tion of water on three of the four major constituents of 
cement: tricalcium aluminate, tricalcium silicate, and 
dicalcium silicate. They recognize calcium alumino- 
ferrite as the fourth major constituent and frequently 
assume its formula to be 4CaO-ALO;-Fe.0;. How- 
ever, the formula is known to represent one member 
of a solid-solution series in which the ratio of Al,O; to 
Fe,O; varies widely. The study supplies some data on 


1.0 


the hydration of calcium aluminoferrites for various 
ratios of Al,O; to Fe,O; as the temperature and amount 
of water are varied. 


Preparations 


Six preparations of calcium aluminoferrite, with a 
range of compositions of Al,O; and Fe,O; wider than 
that normally found in portland cement, were synthe- 
sized, ground, and analyzed. The range of Al,O; 
varied from 8 to 2 parts, that of Fe,0; varied from 4 to 
10 parts, and that of CaO remained constant at 24 
parts. 

The powdered calcium aluminoferrites were treated 
with water at certain controlled temperatures, under 
three experimental conditions: 

—continuous leaching with a stream of water. 

—-stirring the powder into a relatively large amount 
of water. 

—hydration in “paste” form, with a small amount of 
water, simulating actual use of cement. 


The hydration products were studied by x-ray diffrac- 
tion for identification of phases. X-ray diffraction was 
also used to determine possible differences in the posi- 
tions of the lines on the patterns, indicative of solid 
solution. (Continued opposite) 
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Progress of the reaction between calcium aluminoferrite preparations and 
water as a function of stirring time, when 1 g of each preparation was 
treated with I liter of water at 25 °C. The ratios of CaO to Al,O; to Fe,0; 
in the calcium aluminoferrite solid solution series Fss—1 to Fss—5 were 


respectively 24-84, 24-7-5, 24-6-6, 24-5-7, and 24-4-8. 
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NBS to Develop 


Radar Standards 


The Radio Standards Laboratory of the NBS Insti- 
tute for Basic Standards is starting on a four-part pro- 
gram to set up standards for radar equipment. This 
work is being done at the NBS Boulder (Colo.) Labora- 
tories, for the Advanced Research Projects Agency 
(ARPA) of the Department of Defense, which has allo- 
cated nearly $2 million for the program, $625,000 for 
the first year’s work alone. The program is needed be- 
cause some aspects of radar equipment development 
have outstripped measurement standards. Establish- 
ing measurement procedures and standards will fill a 
need long felt by the Government and by designers and 
manufacturers of radar equipment, and should result 
in great savings for the Department of Defense. 

The program will concentrate on technical require- 
ments in measurements of radar power, noise, and an- 
tenna patterns, as well as on exploratory research. It 
will also seek standards for microwave horn gain and 
phase shift. 

Part one will start with an investigation of the basic 
methods of measurement. Part two will involve the 
evaluation, selection, and establishment of standards 
and techniques of power measurement; prototype in- 
strumentation will follow as part three. Equally im- 
portant, the NBS staff will also seek or adapt principles 
on which future radar measurement standards can be 


based. 


Experimental Findings 


The NBS findings show that when the quantity of 
water is large in relation to the amount of calcium 
aluminoferrite, the latter decomposes slowly, and the 
calcium and aluminum oxides go into solution, leaving 
a residue consisting essentially of ferric oxide. A 
minute amount of ferric oxide also goes into solution. 
If the quantity of the water is decreased sufficiently, the 
concentration of the solution will increase to a point at 
which calcium aluminate hydrate will be precipitated. 
The precipitate will be 2CaO- Al,O;-8H.0 if it is formed 
at room temperatures, but at 70 °C it will be 3CaO- Al, 
O;:6H,0, with a small fraction of the Al,O; being re- 
placed by Fe,0;. The rate of dissolution reaction in- 
creases with increases in the temperature and in the 
ratio of Al,O, to FeO; in the aluminoferrite. 
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An electron beam technique for measuring microwave 
power. Here the microwave power is measured 
through the interaction between the microwave electric 
field in the waveguide and the electron beam crossing 
the narrow dimension of the waveguide. 


Hydration of the aluminoferrites in paste form pro- 
gresses in a different manner. The hydration products 
depend on the temperature and on the ratio of Al.O, to 
Fe.0,. At low temperatures, 2CaO-Al,0;-8H.0 is 
formed from the composition highest in alumina, and a 
related compound, 4CaQ- (Al,0;,Fe.0;):nH20, is 
formed from those highest in iron oxide. Both of these 
hydrates crystallize in the form of hexagonal plates. 
The intermediate members of the series produce a hydro- 
garnet of the composition 3CaO- (Al,O;,Fe.0;) -6H,O. 
The ratio of Al,O; to Fe,0; is always higher in the 
hydrogarnet than in the anhydrous aluminoferrite, as 
some of the Fe,0,; remains uncombined after hydration. 


1 For details, see The action of water on calcium alu- 
minoferrites, by E. T. Carlson, J. Res. NBS 68A (Phys. 
& Chem.), No. 5 (Sept.Oct. 1964). 
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Double slits used to produce interference fringes in the 
image plane of the microscope (upper left) are fitted to 


the micrometer slide (lower right). A nodal slide 
(right center) can be fitted with a holder of a large 
size to hold the lens under test. 


Lenses designed for missile tracking and artificial 
satellite observations are difficult to evaluate by con- 
ventional means because of their large size, usually as 
much as a meter or more in diameter. A method is 
now available for accurately and conveniently evalu- 
ating lenses of any size.’ 

This method uses interference patterns to determine 
the differences in optical path of rays emerging from 
the various annular zones of the lens. The sum of 
these differences is then converted to a wavelength unit 
whose magnitude is a measure of lens performance. 
Specifications for high-quality lenses generally require 
that this magnitude not exceed a quarter of a wave- 
length. 

In the NBS method, two parallel vertical slits, sep- 
arated by a small fixed distance, are placed between 
the lens under test and a viewing instrument so that 
lens-induced phase changes in the emergent rays form 
an interference pattern in the instrument’s image plane. 
From measurements of the interference fringes thus 
produced by various annular zones of the lens, the 
total optical path difference may be calculated. Two 
different techniques have been devised for obtaining 
the interference patterns. 


method devised for 
Evaluating Large Lenses 


Research by 
F. E. Washer and W. R. Darling, 
NBS Institute for Basic Standards 


First Technique 


The equipment used in the first technique consists 
of a straight optical bench supporting along its length 
a collimator containing an illuminated target, a trans- 
verse micrometer slide holding the double slit system, 
and a transverse measuring microscope. The lens 
under test is mounted in a holder between the micro- 
scope and the micrometer slide. The slits on the slide 
are alined parallel to the vertical line of the illuminated 
target, and at the start of a run the slits are brought 
to a position as near the edge of the lens as is feasible. 

During the run, the slits are moved across the face 
of the lens in steps equal to the distance between the 
slits, so that the central, or zero-order, fringe observed 
in the microscope is displaced transversely in succes- 
sive steps. The magnitude of this transverse displace- 
ment is measured as a function of the displacement 
from the initial position, and from this measurement 
it is possible to determine the optical path difference 
at each step, and the total optical path difference. 


Second Technique 


An optical T-bench is used to obtain measurements 
by the second technique.? One part of the bench sup- 
ports a collimator containing an illuminated target and 
a nodal slide holding the lens under test. A second 
part of the bench fitted at right angles to the first part 
contains a viewing telescope and a movable slide on 
which a pentaprism fitted with a double slit is mounted. 
Light from the target passes through the lens and the 
double slit, and is directed by the pentaprism to the 
telescope, where it appears as a fringe pattern. 

During a run, the pentaprism slide is moved across 
the radius of the lens (from an initial position with one 
slit fixed on the lens axis) in steps equal to the slit sepa- 
ration. The telescope is sighted on the central fringe 
at each step, and the successive angular settings are 
read from the transverse micrometer of the telescope. 

The magnitude of the transverse angular displace- 
ment of the telescope is measured as a function of the 
slit displacement from the initial position. The optical 


Optical T-bench. Light from an illuminated target in 
the collimator (lower right) passes through the lens 
(center) and through the slit system fitted to the penta- 
prism (lower left). The pentaprism directs the light 
to the microscope (top right) where interference pat- 
terns are produced by the slits. 
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Typical fringe patterns. The central or zero-order 
fringe is indicated by the vertical arrows. The first- 
and second-order fringes are clearly visible, and higher 
orders present may be seen. The bright horizontal line 
is the image of the horizontal crossline of an illuminated 


target in the collimator. 


path difference at each successive step may then be 
determined and the total difference then found. 

The same lens was measured at each of three focal 
positions by both methods, and the final accepted values 
determined by the first method showed excellent agree- 
ment with those obtained by the second method. Thus 
both may be considered equally precise; however, the 
second is more rapid and versatile, and it is more con- 
venient to use on large lenses than conventional inter- 
ferometer methods. In addition, it has an accuracy to 
within +£0.02 wavelength along any selected diameter 
of a lens. 


* For details, see Determination of optical path differ- 
ence for a photographic objective, by F. E. Washer and 


W. R. Darling, J. Res. NBC 67€ (Eng. & Instr.), 311 
(1963); and Optical T-bench method for measurement 
of optical path difference, by F. E. Washer and W. R. 
Darling, Soc. Photo. Instr. Eng. J. 1, 212 (Aug.—Sept. 
1963). 

? Optical T-bench method of measuring longitudinal 
spherical aberration, by F. E. Washer, J. Res. NBS 61, 
31 (1958) RP2880; also, Apparatus facilitates lens test- 
ing, NBS Tech. News Bull. 42, 238 (1958). 
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Nore: Publications reviewed in this column are available from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C., 20402. NBS Handbook 95, 25 cents; NBS Misc. Publ. 258, $1.25. 


U.S. Standard for Signal Light Colors 


Recognition of signal light colors is an important 
factor in the safety of modern land, sea, and air trans- 
portation. With the rapid growth of international 
travel, the signal lights of each country are beginning 
to be used more and more by citizens of other countries, 
and a need for international standardization has become 
apparent. The U.S. Standard for the Color of Signal 
Lights, by F. C, Breckenridge, presented in NBS Hand- 
book 95, has been prepared to help bring the specifica- 
tions used in this country for colors of signal lights into 
agreement with international usage. 

This standard was developed by the U.S. National 
Committee on the Color of Signal Lights, under the 
sponsorship of the U.S. National Committee of the In- 
ternational Commission on Illumination (CIE). The 
National Bureau of Standards cooperated in this effort 
by providing the technical data upon which the stand- 
ard is based. 

The standard provides basic chromaticity definitions 
for the chromaticities that are considered safe for use 
as representing the named colors. These are the basis 
for the selection of the national standard filters and for 
the tolerances for duplicating them. This standard also 
provides guidance in selecting signal colors for new 
uses, provides methods for special laboratory tests, and 
serves as a technical interpretation of the practical tests 


prescribed in the Handbook. 
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Bibliography of Dictionaries in Technical 
Fields 


The worldwide interchange of information in the 
physical sciences, engineering, and technology necessi- 
tates a comprehensive bibliography providing sources 
for up-to-date foreign language and standardized Eng- 
lish terminology in these areas. The recently published 
Foreign-Language and English Dictionaries in the 
Physical Sciences and Engineering, A Selected Bibliog- 
raphy 1952 to 1963, by T. W. Marton, NBS Miscella- 
neous Publication 258, helps to fill this need. 

The bibliography, processed by punched-card, ma- 
chine-sorting, and photo-offset techniques, lists over 
2800 unilingual, bilingual, and polyglot dictionaries, 
glossaries, and encyclopedias published during the last 
12 years. The majority of the titles cited have English 
as the source or target language, or are English defin- 
ing dictionaries. 

The entries are arranged in 49 subject classes; within 
each subject, the entries are listed alphabetically by 
language and, within each language group, by author. 
Forty-seven foreign languages are represented in the 
compilation. 

Because it is both extensive and up-to-date, this bibli- 
ography will prove useful to scientists and engineers, 
acquisition specialists, interpreters, abstractors, tech- 
nical translators, indexers, and other professionals 
whose work involves foreign-language scientific-techni- 
cal terminology. 
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Publications of the National Bureau of Standards 


Perlodicals 


Technical News Bulletin, Vol, 48, No. 10, October 1964. 
15 cents. Annual subscription: $1.50; 75 cents additional 
for foreign mailing. Available or a 1-, 2-, or 3-year sub- 
scription basis. 

CRPL Ionospheric Predictions for January 1965. Three months 
in advance. Number 22, issued October 1964. 25 cents. 
Annual subscription: $2.50; 70 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. Single 
copy, 70 cents. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Single copy, 75 cents. 

Section D. Radio Science. Issued monthly. 
scription: Domestic, $9; foreign, $11.50. 
$1.00. 


Annual sub- 
Single copy, 


Other NBS Publications 


Tables of electron radial functions and tangents of phase 
shifts for light nuclei (Z-1 through 10), C. P. Bhalla, NBS 
Mono. 81 (Aug. 6, 1964), $3.25. 

Project FIST. Fault isolation by semi-automatic techniques, 
G. Shapiro, O. B. Laug, G. J. Rogers, and P. M. Fulcomer, 
Jr., NBS Mono. 83 (Sept. 17, 1964), 55 cents. 

United States standard for the colors of signal lights, F. C. 
Breckenridge, NBS Handb. 95 (Aug. 21, 1964), 25 cents. 

Water-repellent preservative non-pressure treatment for mill- 
work, CS262-63 (Dec. 31, 1963), 10 cents. 

A helicopter battery service simulator, W. G. Eicke, Jr., NBS 
Tech. Note 244 (Aug. 28, 1964), 20 cents. 


Publications In Other Journals 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier refer- 
ences not previousy reported may be included from time to 
time. 

Publications 1-12 below report research on breakdown of 
hydrocarbons under gamma radiation (see article on p. 192). 


* Hydrogen formation in the radiolysis of ethylene, by 
P. Ausloos and R. Gorden, Jr., J. Chem. Phys. 36, No. 1, 
5-9 (Jan. 1, 1962). 

? Radiolysis of ethane-1,1,1-d, by Louis J. Stief and P. 
Ausloos, Ibid. 36, No. 11, 2904-2910 (June 1, 1962). 

* Gas-phase radiolysis of propane, by P. Ausloos and 
S. Lias, Ibid. 36, No. 12, 3163-3170 (June 15, 1962). 

*Vapor-phase radiolysis of propane-ds in the presence 
of other hydrocarbons, by S. Lias and P. Ausloos, Ibid. 
37, No. 48, 877-883 (Aug. 15, 1962). 

° Gas-phase radiolysis of isobutane, by R. Borkowski 
and P. Ausloos, Ibid. 38, No. 1, 36-44 (Jan. 1, 1963). 

® Radiolysis of propane-ds; in the presence of organic 
compounds other than hydrocarbons, [bid. 38, No. 10, 
2454-2460 (May 15, 1963). 

7 Radiolysis of methane, by P. Ausloos and S. Lias, 
Ibid. 38, No. 9, 2207-2214 (May 1, 1963). 

*Gas-phase radiolysis of n-butane, by R. Borkowski 
and P. Ausloos, Ibid. 39, No. 3, 818-824 (Aug. 1, 1963). 

° The effect of additives on the ionic reaction mecha- 
nism in the radiolysis of methane, by P. Ausloos, S. Lias, 
and R. Gorden, Jr., Ibid. 39, No. 12, 3341-3348 (Dec. 
15, 1963). 

The gas-phase radiolysis of propane. The effect of 
pressure and added inert gases, by P. Ausloos, S. Lias, 
and I. Sandoval, Discussions of the Faraday Society, U. 
of Notre Dame (Sept. 1963). 
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“ The effect of electrical fields in the gamma radiolysis 
of propane, by P. Ausloos and R. Gorden, Jr., to be 
published. 

” For a review of earlier work of this kind, see Radia- 
tion chemistry of gases, by S. C. Lind, p. 260, Reinhold 
Publ. Corp., New York (1961). 


The calorimeter and its influence on the development of chem- 
istry, G. T. Armstrong, J. Chem. Educ. 41, 297 (June 1964). 

Presidential address before the Electrochemical Society meet- 
ing, Toronto, Canada, May 5, 1964, W. J. Hamer, J. Electro- 
chem. Soc. III, No. 7, 145C-147C (July 1964). 

Precise determination of the area of guarded electrodes for 
accurate dielectric measurements on solid-disk specimens, 
W. P. Harris (Proc. Conf. Electric Insulation), 1963 Annual 
RE Natl. Acad. Sci.-Natl. Res. Council Publ. 1141, p. 71 
(1964). 

Open-probe thermocouple control of radio-frequency heating, 
A. aye Ruff, Jr., Rev. Sci. Instr. 35, No. 6, 760-761 (June 
1964). 

A new steady-state calorimeter for measuring heat transfer 
through cryogenic insulation, D. R. Beck, F. Kreith and R. H. 
Kropschot (Proc. 1963 Cryogenic Eng. Conf. Univ. Colorado 
and National Bureau of Standards, Boulder, Colo., Aug. 19-21, 
1963), Book, Advances in Cryogenic Engineering 9, Paper, 
B-4, 64-70 (Plenum Press Inc., New York, N.Y., 1964). 

Surface currents in type II superconductors, S. Gygax and R. H. 
Kropschot, Phys. Letters 9, No. 2, 91, Apr. 1, 1964). 

A preliminary study of the orifice flow characteristics of liquid 
nitrogen and liquid hydrogen discharging into a vacuum, 
J. A. Brennan (Proc. 1963 Cryogenic Eng. Conf., Univ. Colo. 
rado and National Bureau of Standards, Boulder, Colo., 
Aug. 19-21, 1963), Book, Advances in Cryogenic Engineer- 
ing 9, Paper E-6, 292-303 (Plenum Press, Inc., New York, 
N.Y., 1964). 

Sieve techniques for obtaining small amounts of narrowly classi- 
fied particles C. M. Hunt and A. R. Woolf, Mater. Res. Std- 
Tech. Note 4, No. 7, 364 (July 1964). 

Tooth fluorometer, A. F. Forziati, J. Kumpula, and J. J. Barone, 
J. Am. Dental Assoc. 67, No. 5, 663-669 (Nov. 1963). 

Thermodynamic representation of high-pressure vapor-liquid 
a eae J. M. Prausnitz, Chem. Eng. Sci. 18, 613-630 

1963). 

Nuclear magnetic relaxation of the impurity nucleus in dilute 
ferromagnetic alloys, R. L. Streever, Phys. Rev. 134, No. 6A, 
A1612-A1617 (June 15, 1964). 

NBS microcopy resolution test chart, B. H. Fouquet, Proc. Natl. 
Microfilm Assn. Meeting, San Francisco, Calif., Apr. 30-May 
13, 1963, pp. 67-74 (1963) . 

Metastable transitions in mass spectra of methane and the deu- 
teromethanes, V. H. Diebeler and H. M. Rosenstock, J. Chem. 
Phys. 39, 1326 (1963). 

Electron distribution in the ionosphere, J. W. Wright, Proc. 
URSI XIVth General Assembly, Sept. 1963, Tokyo, Japan, 
XIII, 206-222 (1964). 

Studies of photodissociation of molecular ions, G. H. Dunn, 
Book, Atomic Collision Processes, pp. 997-1005 (North- 
Holland Publ. Co., Amsterdam, The Netherlands, 1964). 

Studies at NBS of the platinum-6% rhodium vs. platinum-30% 
thodium thermocouple—A preliminary report, G. W. Burns, 
Proc. SAE Meeting, Sept. 23-27, 1963, Los Angeles, Calif., 
Reprint 750B (1963). 

Spread-F observations by the Alouette topside sounder satellite, 
W. Calvert and C. W. Schmid, J. Geophys. Res. 69, No. 9, 
1839-1852 (May 1, 1964). 

Spectral distribution of typical daylight as a function of corre- 
lated color temperature, D. B. Judd, D. L. MacAdam, and 
G. enone, J. Opt. Soc. Am. 54, No. 8, 1031-1040 (Aug. 
1964). 

Medical applications of refrigeration, E. F. G. Brentari and R. V. 
Smith, ASHRAE Guide and Data Book, ch. 68, 773-778 (Am. 
Soc. Heating, Refrig. Air Conditioning Engrs., Inc., New 
York, N.Y., 1964). 
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Mechanical and dielectric relaxation of crystalline polymers in 
relation to degree of crystallinity and morphology, E. Passag- 
lia, Soc. Plastics Engrs., pp. 169-177 (July 1964). 

Measuring the directivity of a directional coupler using a sliding 
short-circuit and an adjustable sliding termination, R. W. 
Beatty, IEEE Trans. Microwave Theory Tech. MTT—12, No. 
3, 283 (May 1964). 

Mass spectrometric study of the photoionization of acetylene 
and acetylene-dz, V. H. Dibeler and R. M. Reese, J. Chem. 
Phys. 40, No. 7, 2034-2035 (Apr. 1, 1964). 

Magnetically retained evaporation mask, F. E. Jones and A. B. 
Castle, Sr., Rev. Sci. Instr. 34, No. 9, 1055 (Sept. 1963). 

Low-temperature infrared studies of the chemistry of free radi- 
cals, M. E. Jacox and D. E. Milligan, Appl. Opt. 3, 873 
(July 1964). 

Characteristic energy losses of electrons in solids, L. Marton, 
Book, Actions Chimiques et Biologiques Des Radiations, ch. 
IV, pp. 260-281 (Masson et Cie Editeurs, Paris, France, 
1964). 

Isotopic fractionation of uranium related to roll features in 
sandstone, Shirley Basin, Wyoming, J. N. Rosholt, E. N. 
Harshman, W. R. Shields, and E. L. Garner, Econ. Geology 
59, 570 (1964). 

Thermal Degradation of Organic Polymers, Book, S. L. Mador- 
sky, Interscience Publ. Inc., New York, N.Y. (1964). 

Solid state detector for beta-ray spectroscopy below 4.2°, K. J. 
Chin, A. T. Hirshfeld, and D. D. Hoppes, Rev. Sci. Instr. 34, 
No. 12, 1258-1259 (Nov. 1963). 

Simple derivation of the Faxen solution to the Lamm equation, 
G. H. Weiss, J. Math. Phys. 5, No. 5, 675-676 (May 1964). 

Should the convention definition of mismatch loss be aban- 
doned? K. A. Norton, Proc. [EEE 52, 710 (June 1964). 

Frequency and time standards, G. E. Hudson, Electronics World 
72, 20-23 (Aug. 1964). 

Recognition of clauses in machine translation of languages, 
F. L. Alt, Proc. Intern. Conf. Machine Translation of Lan- 
guages and Applied Language Analysis, Teddington, Eng- 
land, Symp. No. 13, pp. 126-142 (Her Majesty’s Stationery 
Office, London, England, Sept. 1961). 

X-ray study of a cadmium borate glass, S. Block, J. Molin, and 
J. Piermarini, J. Am. Ceram. Soc. 46, 557 (1963). 

World days program, A. H. Shapley, IQSY Notes 5, 27-30 (Dec. 
1963) ; 6, 27-32 (Mar. 1964) ; 7, 13-15 (May 1964). 

Weights and measures and aerosols, M. W. Jensen, Proc. 50th 
Annual Meeting of Chemical Specialties Manufactures Asso- 
ciation, pp. 33-35 (Dec. 9-12, 1963). 

Unitary symmetry in photoproduction and other electromagnetic 
interactions, C. A. Levinson, H. J. Lipkin, and S. Meshkov, 
Phys. Letters 7, No. 1, 81-84 (Oct. 15, 1963). 

Transequatorial reception of a very-low-frequency transmission, 
C. J. Chilton, A. Diede, and S. Radicells, J. Geophys. Res. 69, 
No. 7, 1319-1328 (Apr. 1, 1964). 

Tomorrow’s facilities for standards and measurement, H. F. 
Wollin, Scale J. 50, No. 6, 2 (Mar. 1964). 

Review of recent developments of high-temperature thermo- 
couples, P. D. Freeze, Am. Soc. Mech. Engrs., Paper No. 
63—-Wa, 212, 16 (Nov. 1963). 

Effects of magnetic disturbance as noted on oblique incidence 
ionograms, V. Agy and K. Davies, AGARDograph 59, The 
effect of disturbances of solar origin on communications, 
ed. G. J. Gassmann, pp. 167-176 (Pergamon Press, Inc., Lon- 
don, England, 1963). 

Editorial, R. W. Beatty, IEEE Trans. Microwave Theory Tech. 
MTT-—12, No. 3, 274 (May 1964). 

Comparison calibration of inductive voltage dividers, R. V. Lisle 
and T. L. Zapf, ISA 1963 Proc. Paper 7.1.63 (1963). 
Correction to a method for measuring the directivity of direc- 
tional couplers, G. E. Schafer and R. W. Beatty, IEEE Trans. 
Microwave Theory Tech. MTT—12, No. 3, 361 (May 1964). 
Ionospheric absorption in conjugate regions and possible oscil- 
lation of the ionosphere, H. J. A. Chivers and J. K. Har- 

greaves, Nature 202, 891-893 (May 30, 1964). 

Inline waveguide attenuator, W. Larson, IEEE Trans. Micro- 
wave Theory Tech. Corres. Sec. MT'T—12, No. 3, 367-368 
(May 1964). 

Initial preparation and metastable transitions in mass spectra, 
H. M. Rosenstock, V. H. Dibeler, and F. N. Harllee, J. Chem. 
Phys. 40, No. 2, 591-594 (Jan. 15, 1964). 
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Infrared spectroscopy of weak charge-transfer absorption spectra 
of NO in Kr and CH;30H solutions, E. E. Ferguson and H. P. 
Broida, J. Chem. Phys. 40, 3715 (1964). 

Index to Journal of Association for Computing Machines, W. W. 
Youden, J. Assoc. Comp. Mach. 10, No. 4, 583-646 (Oct. 
1963). 

Inelastic electron scattering from rare gases, detérmination of 
oscillator strengths in the continuum, C. E. Kuyatt and J. A. 
Simpson, Proc. Third Intern. Conf. Physics of Electronic and 
Atomic Collisions, London, England, 1963, pp. 191-200 (North 
Holland Publ. Co., Amsterdam, The Netherlands, 1964). 

Improved transducer for external recording of arterial pulse 
waves, M. Davis, B. Gilmore, and E. Freis, IEEE Trans. Bio- 
Med. Elec., BME—10, No. 4, 173-175 (Oct. 1963). 

Physical properties of cements, based on zinc oxide hydrogen- 
ated rosin, o-ethoxybenzoic acid and eugenol, S. Civijan and 
G. M. Brauer, J. Dental Res. 43, No. 2, 281-299 (Mar.—Apr. 
1964). 

A study of geomagnetic effects associated with auroral zone 
electron precipitation observed by balloons, W. H. Campbell, 
J. Geomagnetism and Geoelectricity 11, No. 1, 37-57 (June 
1964). 

The characterization of large single crystals by high voltage 
X-ray Laue photographs, H. S. Peiser and E. P. Levine (Proc. 
llth Ann. Conf. on Applications of X-ray Analysis, Aug. 
1962), Book, Advances in X-ray Analysis 6, 158-163 (Plenum 
Press, Inc., New York, N.Y., 1963). 

The calculations of autoionization probabilities, J. W. Cooper, 
Proc. Third Intern. Conf. Physics of Electronic and Atomic 
Collisions, London, 1963, pp. 595-599 (North Holland Publ. 
Co., Amsterdam, The Netherlands, 1964). 

The basis of the functional assumption in the theory of the 
Boltzmann equation, M. S. Green and R. A. Piccirelli, Phys. 
Rey. 132, No. 3, 1388 (Nov. 1963). 

On the constitution of the topside ionosphere, R. W. Knecht, 
H. Rishbeth, and T. E. VanZandt (Proc. of NATO Advanced 
Study Inst., April 17-26, 1963, Skeikampen, Norway), Book, 

Electron Density Distribution in Ionosphere and Exosphere, pp. 
348-350 (North Holland Publ. Co., Amsterdam, The Nether- 
lands, 1964.) . 

On a problem of G. Sansone, M. Newman, Ann. Mat. LXV, 
27-34 (1964). 

A time-varying model of the ionospheric F2 layer, H. Rishbeth, 
J. Atmospheric Terrest. Phys. 26, No. 6, 657-685 (June 
1964). 

The anomaly in the response of semiconductor detectors at low 
temperatures, W. R. Dodge, S. Domen, D. Hopper, and 
A. Hirshfeld, IEEE Trans. Nucl. Sci. NS—11, 1-14 (June 
1964) . 

A theoretical study of the Martian ionosphere, R. B. Norton, 
Book, Advances in the Astronautical Science Exploration of 
Mars 15, 533-542 (Western Periodicals, California, 1963). 

A new high voltage calibration facility at the National Bureau 
of Standards, Boulder, W. W. Scott, ISA 1963 Proc. Paper 
No. 7.2.63 (1963). 

Energy dependence for the photodetachement of I- near thresh- 
hold, B. Steiner, M. L. Seman, and L. M. Branscomb, Proc. 
Third Intern, Conf. Physics of Electronic and Atomic Col- 
lision, London, England, 1963, pp. 537-542 (North Holland 
Publ. Co., Amsterdam, The Netherlands, 1964). 

A low input VSWR coaxial diode switch for the UHF band, 
W. L. Ecklund, IEEE Trans. Microwave Theory Tech. Corres. 
Sec. MTT-12, No. 3, 359 (May 1964). 

Suggested practices for establishing sampling and sample prepa- 
ration techniques in spectrochemical analysis, R. E. Michaelis, 
Book, Methods for Emission of Spectrochemical Analysis, 4th 
ed., pp. 256-259 (American Society for Testing Materials, 
Philadelphia, Pa., Feb. 1964). 

S-wave hyperon-nucleon interactions and SU* symmetry, P. D. 
DeSouza, ‘G. A. Snow, and S. Meshkov, Phys. Rev. 135, 565 
(1964). 

Synthesis of higher ketoses by aldol reactions, II. Unsubstituted 
heptuloses, R. Schaffer, J. Org. Chem. 29, 1471-1475 (June 
1964). 

Excess entropy at glass transformation, A. B. Bestul and S. S. 
Chang, J. Chem. Phys. 40, 3731 (1964). 

The large 50 Mc/s dipole array at Jicamarca Radio Observatory, 
G. R. Ochs, Digest of the 1963 IEEE Professional Group on 
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Antennas and Propagation, p. 237 (July 1963). 

The ionosphere and radio propagation in the lower frequencies 
(a report of an AGU session by the same title) , T. N. Gautier, 
Science 143, No. 3611, 1197-1199 (Mar. 13, 1964). 

Numerical analysis of the thermal environment of occupied 
underground spaces with finite cover using a digital computer, 
T. Kusuda and P. R. Achenbach, ASHRAE Trans. 6, No. 6, 
99-105 (June 1964). 

Nuclear magnetic resonances of “Ga and “Ga in gallium- 
substituted yttrium iron garnet, R. L. Streever and G. A. 
Uriano, Phys. Rev. Letters 12, No. 22, J516 1-3—J516 3-3 
(June 1, 1964). 

A diffusive model for the initial phase of a solar proton event, 
G. C. Reid, J. Geophys. Res. 69, 2659-2667 (June 1964). 

Emission spectrometry, B. F. Scribner and M. Margoshes, Anal. 
Chem. 36, No. 5, 329-343R (1964). 

Elementary derivation of time-correlation formulas for transport 
coefficients, R. Zwanzig, J. Chem. Phys. 40, No. 9, 2527-2533 
(May 1964). 

A complete description of the normal subgroups of genus one 
of the modular group, M. Newman, Am. J. Math. 86, 17-24 

~ (1964). 

Abbreviated Calendar record, January-February 1964, A. H. 
Shapley, IQSY Notes 7, 19-25 (May 1964). 

Evidence for a cooperative intramolecular transition in poly-L- 
proline, F. Gornick, L. Mandelkern, A. F. Diorio, and D. E. 
Roberts, Am. Chem. Soc. 86, No. 13, 2549-2555 (July 1964). 

The isomerization of D-manno-3-heptulose by alkali, R. Schaffer, 
J. Org. Chem. 29, 1471-1475 (June 1964). 

Insertion loss concepts, R. W. Beatty, Proc. IEEE 52, 663-671 
(June 1964). 

Reaction rates for the formation of He.*+ and Nezt, E. C. Beaty 
and P. L. Patterson, Book, Competes Rendus de la VI° Con- 
ference Internationale sur les Phenomenes D’Ionisation dans 
les Gaz, ed. P. Hubert and E. Cremieu-Alcan III, pp. 289-293 
(S. E. R. M. A. Publ. Co., Paris, France, 1963). 

Ranking laboratories and evaluating methods of measurement 
in round-robin tests, T. W. Lashof, Mater. Res. Std. 4, No. 8, 
397-407 (Aug. 1964). 

Projection X-ray microscopy of roofing materials, S. B. Newman 
and S. H. Greenfeld, Mater. Res. Std. 3, No. 11, 893-898 
(Nov. 1963). 

Polymorphism of ABOs-type rare earth borate solid solutions, 
R. S. Roth, J. L. Waring, and E. M. Levin (Proc. Third Rare 
Earth Research Conf., Apr. 2-24, 1963), Book, Rare Earth 
Research, Chapter on Structure of Rare Earth Compounds, 
pp. 1030-1055 (Gordon & Breach Science Publishers, Inc., 
New York, N.Y., 1964). 

Polarography as an analytical tool, J. K. Taylor, J. Assoc. Offic. 
Agri. Chem. 47, No. 1, 21-27 (Jan. 1964). 

Polar-cap absorption, D. K. Bailey, Planetary Space Sci. 12, 
495-541 (May 1964). 

Polymorphism in isopropyl alcohol, G. S. Ross, H. L. Dixon, 
L. Frolen, and D. J. Termini, Science 141, No. 3585, 1043- 
1044 (Sept. 1963). ; 

Changes in relation between refractive index and Young’s 
modulus as the result of successive heat treatment, E. H. 
ages J. Am. Ceram. Soc. 47, No. 4, 167-170 (Apr. 

Characteristics of programs for KWIC and other computer- 
produced indexes, W. W. Youden (Proc. American Docu- 
mentation Institute Annual Meeting, Oct. 1963), Book, Auto- 
mation and Scientific Communication, pp. 331-332 (H. T. 
Luhn, Am. Documentation Inst., 1963). 
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Plastics, G. M. Klein, The 1964 Americana Annual, p. 532 
(Americana Corp., Chicago, IIl., 1964). 

Oxygen atom reactions with condensed olefins, M. D. Scheer 
and R. Klein, Science 144, No. 3623, 1214 (Apr. 1964). 

Optically pumped magnetometers and related experiments in 
high magnetic fields, P. L. Bender, Book, Quantum Elect- 
ronics, ed. P. Grivet and N. Bloemgerben IIl., I, 263-273 
(Columbia Univ. Press, New York, N.Y., 1964). 

Bound states in a Debye-Hueckel potential, C. R. Smith, Phys. 
Rev. 134, A1235-A1237 (June 1964). 

The units and standards of electrical measure, F. K. Harris, 
Electron World 72, No. 2, 29-32 (Aug. 1964). 

Tetragonal phases of the general type 10M:0;-90M.O; appar- 
ently isostructural with Ta.0s-2NbOs, J. L. Waring and R. S. 
Roth, Acta Cryst. 17, 455-456 (1964). 

Ionizing radiation and constitution of the atmosphere, T. E. 
VanZandt, Proc. URSI XIVth General Assembly, Sept. 1963, 
Tokyo, Japan, XIII, 158-164 (1964). 

Interpretation of frequency shifts due to electron exchange col- 
lisions, P. L. Bender, Phys. Rev. 134, No. 5A, A1174-A1180 
(June 1, 1964). 

International Geophysical Calendar for the years of the quiet 
Sun 1964-1965, A. H. Shapley and J. V. Lincoln, J. Radio 
Res. Lab. Japan 10, 185-192 (Mar. 1963) ; IUGG Chron. 50, 
171-174 (July 1963); URSI Inform. Bull. 139, 64-71 (July- 
Aug. 1963) ; IGY Bull. 74, 15-18 (Aug. 1963) ; Weatherwise 
16, 160-161 (Aug. 1963); J. Geophys. Res. 68, 5318-5323 
(Sept. 1963) ; Trans. Am. Geophys. Union 44, 821-824 (Sept. 
1963) ; J. Atmospheric Terrest. Phys. 26, No. 1, 151-157 (Jan. 
1964) ; Nature 201, 11-13 (Jan. 4, 1964). 

International Geophysical Calendar 1963, A. H. Shapley and 
J. V. Lincoln, IQSY Notes 4, 34 (Sept. 1963). 

Internal friction in rutile containing point defects, J. B. Wacht- 
man, Jr., and L. R. Doyle, Phys. Rev. 135A, 276 (1964). 
Instant color correction, C. S. McCamy, Modern Photo. 28, 

No. 1, 66-67 (Jan. 1964). 

Review of static seals for cryogenic systems, R. F. Robbins and 
P. R. Ludtke, J. Spacecraft Rockets 1, No. 2, 91 (May—June 
1964). 

Resurgence of solar and geomagnetic activity in September and 
October 1963, A. H. Shapley, IQSY Notes 5, 10 (Dec. 1963). 

Dose fields from plane sources using point source data, J. H. 
Hubbell, Nucleonics 21, No. 8, 144-148 (Aug. 1963). 

Diurnal and seasonal variations of the atmosphere near the 100- 
kilometer level, J. W. Wright, J. Geophys. Res. 69, 2851-2853 
(June 1964). 

D-region electron density profiles during auroras, G. M. Lerfald, 
C. G. Little, and R. Parthasarathy, J. Geophys. Res. 69, 2857- 
2860 (June 1964). 

Binary error probability due to an adaptable fading model, 
M. Nesenbergs, IEEE Trans. Comm. Systems CS—12, No. 1, 
64-73 (Mar. 1964). 

An X-ray determination of the Debye temperature of silver 
Iodide, G. Burley, J. Phys. Chem. Solids 25, 629 (1964) . 

Hydrogen atom addition to solid four-carbon olefins, R. Klein 
and M. D. Scheer, J. Phys. Chem. 67, 1874-1877 (Sept. 1963) . 
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